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OBJECT

To determine the improvement in the stability characteristics
of double-base rocket propellants that can be obtained by the use
of 4-nitro-N-methylaniline as a stabilizer.

SU @RY

The initial investigation on the use of 4-nitro-N-methyl-
aniline as a stabilizer for double-base propellants was conducted
by determining the stability characteristics of T16 Propellant
manufactured with ethyl centralite, 2-nitrodiphenylamine, and 4-
nitro-N-methylaniline both alone and in combination with each
other. Short term stability tests revealed the vast superiority
of 4-nitro-N-methylaniline over ethyl centralite, which is the
standard stabilizer in T16 Propellant, and 2-nitrodiphenylamine
with no adverse effect upon the processing, ballistic, and physi-
cal properties.

The use of a combination stabilizer consisting of 1% 4-nitro-
N-methylaniline plus 1% ethyl centralite increased the storage
life of thick web grains (5 inches OD by 1 inch ID by 10 inches
long) at 17O0 F. twofold for T16 Propellant and threefold for T19
Propellant. Furthermore, the resistance to thermal shock be-
tween -750F. and 1700 F. for these thick web geometries markedly
increased for T19 Propellant and improved to a lesser degree for
T16 Propellant. Although strand ballistic data on several lots
of T16 and T19 Propellants containing the combination stabilizer
exhibited slightly higher temperature coefficients than normal
while maintaining a mesa-type burning rate versus pressure re-
lationship, further investigation revealed that the substitution
of 1% 4-nitro-N-methylaniline for 1% ethyl centralite in the two
rocket propellants under consideration did not detract from the
low temperature coefficient, mesa-type ballistics characteristic
of these two formulations.

CONCLUSIONS

It is concluded that the replacement of ethyl centralite as
the stabilizer in T16 and T19 Propellants with a combination
stabilizer consisting of half (1%) ethyl centralite plus half
(1%) 4-nitro-N-methylaniline greatly improved the chemical
stability, storage life, and cyclic life of both compositions
without vitiating the low temperature coefficient, mesa-type
ballistics normally associated with these two formulations.
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RECOMMEDATIONS

It is recommended that:

a. Pending the successful completion of static firing tests
which are currently being conducted With Pilot Lot Nos. 334 and
335 to further establish the ballistic characteristics, considera-
tion be given to modifying the compositions and specifications
for T16 and T19 Propellants by substituting 1% 4-nitro-N-methyl-
aniline for 1% ethyl centralite in each formulation.

b. A specification be prepared covering 4-nitro-N-methyl-
aniline.

c. Both T16 and T19 Propellants amended by the utilization
of a combination stabilizer consisting of 1% 4-nitro-N-methyl-
aniline plus 1% ethyl centralite be subjected to long-term testing
under Project No. TU2-fD (Storage Stability of Rocket Propellants).

d. Consideration be given to determining by tests if the
incorporation of 4-nitro-N-methylaniline in other double-base
rocket propellants currently in use can impart comparable im-
provements,

2
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INTRODUCTION:

l. Although the safe life of a propellant as related to the
point of spontaneous decomposition is sufficiently long even at
elevated temperatures for all standard double-base rocket formu-
lations, the safe life period of large-web grains is considerably
shorter due to the formation of cracks. This cracking is a result
of the gas pressure created by the decomposition products of the
propellant. Although no cracking problems arise in the case of
thin-web grains because the decomposition gases evolved at ele-
vated temperatures easily diffuse through the propellant, thick-
web grains crack quite readily when subjected to accelerated
high temperature storage conditions. Consequently, this Arsenal
is continuously seardhing for new stabilizers for rocket propel-
lants that postpone cracking for thick-web geometries.

2o Basic research by the U.S. Naval Powder Factory as re-
ported in Semi-Annual Report 1, 1 July 1950 - 31 December 1950,
showed that nearly all N-substituted aromatic nitramines are good
stabilizers except the 2-nitro-N-alkyl anilines. One of the
reasons found for this superiority of the nitro-aromatic second-
ary amines is that their affinity for nitrogen dioxide is very
great and the reaction between nitrogen dioxide and stabilizer is
rapid and complete, so that no nitric oxide is formed. In the
case of ethyl centralite, diphenylamine, and acardite, substan-
tial amounts of nitric oxide are formed on exposure of these
stabilizers to nitrogen dioxide. Furthermore, the nitro group to
some extent neutralizes the secondary amine, forming a neutral
compound that is compatible with nitrocellulose. It is not
evident from the work performed which nitro-aromatic secondary
amine gives the best stabilizing efficiency. However, based upon
short-term chemical stability tests it was indicated that 4-nitro-
N-methylaniline imparted excellent stability properties to double-
base propellants when incorporated in small concentrations.

3. This report covers the evaluation of 4-nitro-N-methyl-
aniline in T16 and T19 Propellants, both of which are newly
developed mesia-type, double-base rocket propellants. Although
these two formulations exhibit good stability characteristics,
with T16 Propellant superior to the T19 Formulation, work was con-,
ducted with these two compositions toward increasing the storage
life based on the ability of 4-nitro-N-methylanilire to completely
remove the oxides of nitrogen propellant decomposition products.

3
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4. The 4-nitro-N-methylaniline utilized in this investiga-
tion was procured from the Eastman Kodak Company. The properties
of this material are outlined in Table 1.

RESULTS:

5. The results of incorporating various combinations of
ethyl centralite, 2-nitrodiphenylamine, and 4-nitro-N-methyl-
aniline as the stabilizer in T16 Propellant (Pilot Lot Nos. 144-
149) are summarized below. The specific compositions, and sta-
bility, ballistic, physical, and processing properties data are
tabulated in Table No. 2. Figures 1 through 6 represent a
logarithmic plot of the strand burning-rate versus pressure for
each of the six compositions.

a. The use of 4-nitro-N-methylaniline alone or in con-
junction with either ethyl centralite or 2-nitrodiphenylanine
exhibited excellent stability characteristics as evidenced by the
short-term stability tests employed. The 65-50C. surveillance
test has been in progress for all six compositions since January
1952; however, no end-point has been reached to date.

b. Replacement of part or all of the ethyl centralite
currently used in T16 Propellant with either 2-nitrodiphenylamine
or 4-nitro-N-methylaniline or combinations thereof did not ad-
versely.affect the low temperature coefficient, mesa-type strand
burning-rate characteristics.

c. Low-rate compression and tension tests indicated that
the use of stabilizers other than ethyl centralite in T16 Propel-
lant resulted in physical properties comparable to standard T16
Propellant.

6. The results of incorporating a combination stabilizer
consisting of 1% 4-nitro-N-methylaniline plus 1% ethyl centralite
in T16 and T19 Propellants are sunaarized below. The specific
compositions, and stability, accelerated storage, cyclic ballis-
tic, and processing characteristics for Pilot Lot Nos. 334, 334A,
334A1, 334j, 335, and 335A are tabulated in Table No. 3 in com-
parison to s'Vandard T19 and T16 Propellants (Pilot Lot Nos. 276B
(and A) and Slurry No. 614, respectively). The strand burning-
rate versus pressure is plotted in Figures 7-15. Photographs of
the propellant grains for Pilot Lot Nos. 334, 335, 276B, and
Slurry No. 614 after completion of the accelerated storage and

4
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cyclic tests are given in Photos. M-42406/3, M-42406/5, 14-42406,,
M-42931, 1-42933, 11-42930, and I1-42932.

a. The short-term stability test results for the two
T16 rropellant lots containing the combination stabilizer (Pilot
Lot Nos. 335 and 335A) confirmed the excellent stability charac-
teristics obtained in the initial investigation of 4-nitro-N-
methylaniline in T16 Propellant (Pilot Lot Nos. 144-149).

b. The addition of 4-nitro-N-methylaniline to T19 Propel-
lant (Pilot Lot Nos. 334, 334A, and 334B) greatly improved the
stability characteristics as evidenced by the short-term stability
tests employed. The excellent stability data obtained were
comparable to those exhibited by T16 Propellant containing the new
stabilizer, with the latter composition still remaining slightly
better than the similarly modified T19 Propellant.

c, The accelerated storage and cyclic characteristics
for both the T19 and T16 Propellants modified by the inclusion
of 4-nitro-N-methylaniline (Pilot Lot Nos. 334 and 335) were far
superior to the basic formulations containing ethyl centralite
as the stabilizer. The time to cracking at 170'F. was increased
from 4 days to 11 days for T19 Propellant and from 10 days to 18
days for T16 Propellant. In the shock-cycle test conducted be-
tween -750F. and 1700 Fo the number of cycles to cracking was

increased from 31 cycles to 8 cycles for T19 Propellant and from
9 cycles to 12 cycles for T16 Propellant.

d. The strand burning-rate data revealed that although
both Pilot Lot Nos. 334 and 335 exhibited mesa-type b;1listics,
the optimum temperature coefficients of 0.13% and 0.17% /oF. were
somewhat higher than the comparable standard formulations.

e. The remanufacture of T19 and T16 Propellants (Pilot
Lot Nos, 334A, 334B. and 335A) resulted in mesa-type strand
ballistics and optimum temperature coefficients of 0.12%, 0.03%,
and 0.11% /0F., respectively. The last two values of temperature
coefficient are in accord with the characteristics of the stand-
ard formulations, whereas the value of 0.12% /0F. for Pilot Lot
No. 334A is somewhat higher than the accepted value of 0.05% /OF.
for T19 Propellant.

f. Reworking of Pilot Lot No. 334A (Pilot Lot No.

5
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334A1) resulted in low temperature coefficient (0.06% /OF.), mesa-

type ballistics, characteristic of T19 Propellant.

DISCUSSION:

7. The initial investigation on the use of 4-nitro-N-methyl-
aniline as a stabilizer for double-base rocket propellants was
conducted with T16 Propellant, which is the most promising rocket
propellant being used in Ordnance applications. The basic T16
formulation, which contains 2% ethyl centralite as the stabilizer,
was modified by the substitution of 2-nitrodiphenylamine and 4-
nitro-N-methylaniline for half or all of the ethyl centralite.
It was also modified awl by the use of a combination of 2-nitro-
diphenylamine and 4-nitro-N-methylaniline as a replacement for
all the ethyl centralite. The selection of 2-nitrodiphenylamine
for inclusion in the investigation was made because both ethyl
centralite and 2-nitrodiphenylamine are currently recognized as
standard stabilizers for rocket propellants. For those compo-
sitions containing 4-nitro-N-methylaniline either alone or in
conjunction with ethyl centralite or 2-nitrodiphenylamine (Pilot
Lot Nos. 146, 147 and 149), analysis of the 1200 C. heat test,
the 900C vacuum stability test, and the 1100C. Taliani test
revealed that the stability characteristics of T16 Propellant
were greatly enhanced by the presence of this compound. The
values obtained in all three stability tests employed were far
superior to the data obtained for standard T16 Propellant
(Pilot Lot No. 1L44 - control lot) containing 2% ethyl centralite
and T16 Propellant manufactured with 2-nitrodiphenylamine (Pilot
Lot No. 148) or a combination of ethyl centralite plus 2-nitro-
diphenylamine (Pilot Lot No, 145). Furthermore, the modification
in stabilizer in all cases did not adversely affect the low
temperature coefficient, mesa-type ballistics associated with
T16 Propellant nor did it adversely affect the physical
properties of T16 Propellant.

8. Based on the ability of 4-nitro-N-methylaniline to more
completely remove the decomposition" products of the propellant
than ethyl centralite as indicated by the 900C. vacuum stability
test and the 1100C Taliani test, where the gas evolved is con-
siderably less than that evolved from the control lot, further
work was conducted by manufacturing thick-web grains of both T19
and T16 Propellants (Pilot Lot Nos. 334 and 335) containing 1%
4-nitro-N-methylaniline plus 1% ethyl centralite to determine the
time to cracking under accelerated storage and cyclic conditions.

6
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The combination stabilizer was selected in preference to the use
of 4-nitro-N-methylaniline alone because ethyl centralite is a
tried and proven stabilizer capable of imparting chemical stability
to double-base propellants over a long period of time. Conse-
quently, it was desired to combine the ability of 4-nitro-N-methyl-
aniline to react more completely with the oxides of nitrogen
decomposition products of double-base propellants with the afore-
mentioned desirable properties of ethyl centraliteo

9. The stability characteristics for both T19 and T16 Pro-
pellants containing half ethyl centralite plus half 4-nitro-N-
methylaniline (Pilot Lot Nos. 334 and 335) were far superior to
the standard compositions as evidenced by all three chemical
stability tests employed. The excellent chemical stability
characteristics attainable through the use of 4-nitro-N-methyl-
aniline were demonstrated to hold true for T19 as well as T16
Propellant. The days to cracking at 1700 F. were increased
almost threefold for T19 Propellant and twofold for T16 Pro-
pellant. Thus it is apparent that the utilization of a 4-nitro-
N-methylaniline plus ethyl centralite combination stabilizer
imparts both resistance to cracking for thick-web grains under
elevated storage plus excellent chemical stability over and
above the good stability characteristics currently exhibited by
T19 and T16 Propellants by more completely reacting with the
gases evolved. In addition, the number of cycles to cracking
between -750F. and 17 0 OFo was substantially increased for T19
Propellant and improved to a lesser degree for T16 Propellant.
This improvement in the resistance to thermal shock is in
accordance with the improvement obtained in the time to crack-
ing at elevated temperature storage conditions by the substi-
tution of 1% 4-nitro-N-methylaniline for 1% ethyl centralite
in both T19 and T16 Propellants. This indicates that the ability
of 4-nitro-N-methylaniline to react rapidly with the propellant
decomposition products during the high temperature storage phase
of shock-cycling is a factor in improving the resistance to
thermal shock.

lO The strand ballistic data for Pilot Lot Nos. 334 and 335
indicated, that the replacement of 1% ethyl centralite by 1% 4-
nitro-N-methylaniline did not interfere with the mesa-type
ballistics normally associated with T19 and T16 Propellants. In
both lots there was a larger spread than normal between the low

*, temperature and the high temperature burning-rate curve. However,
it does not appear that this difference in ballistics is attributable

7
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to the modification in stabilizer, because the control lot for
T19 Propellant (Pilot Lot No. 276B) which was manufactured at the
same time behaved in the same manner. Furthermore, initial in-
vestigation of 4-nitro-N-methylaniline in T16 Propellant did not
alter the ballistics of T16 in any respect. Investigation into
the reason for the somewhat higher temperature coefficient in
Pilot Lot Nos. 276B, 334, and 335 revealed that a new lot of
nitrocellulose was used for the first time in the manufacture of
the three lots in question. Subsequently, several other batches
of propellant manufactured from this lot of nitrocellulose also
exhibited higher temperature coefficients than normal, thus
indicating that the particular lot of nitrocellulose may have been
the cause of the difficulty.

11. The discrepancy in the strand ballistic results with re-
gard to the slightly higher temperature coefficients exhibited
by Pilot Lot Nos. 276B, 334, and 335 was investigated further by
remanufacturing the last two compositions with another lot of
nitrocellulose and designating them as Pilot Lot Nos. 334A and
335A. Pilot Lot No. 335A reproduced typical T16 Propellant,
mesa-type, low temperature coefficient strand burning-rate
characteristics. Although Pilot Lot No, 334A exhibited good
mesa-type, strand burning-rate characteristics at a burning-rate
level of 0.5 ips on the plateau portion of the mesa, the -400 F.
isotherm was rather low, thus resulting in an optimum tempera-
ture coefficient of 0.12% /OF., which was somewhat greater than
the value of 0.05% /OF. normally obtained for T19 Propellant.

12. In an effort to determine whether the poor low tempera-
ture ballistics obtained for Pilot Lot No. 334A may have been
caused by an inferior distribution of lead salts, the remaining
propellant grains were cut into wafers, rolled into even-speed
sheets, and extruded in a 4-inch solventless press in an attempt
to further distribute the ballistic modifiers. The extruded
propellant was designated as Pilot Lot No. 334A1. At the same
time another lot of T19 Propellant modified by the incorporation
of a combination stabilizer consisting of 1% ethyl centralite
plus 1% 4-nitro-N-methylaniline vfas manufactured and designated
as Pilot Lot No. 334B for ballistic evaluation. The strand burn-
ing-rate data for Pilot Lot No. 334A1 revealed a definite increase
in the burning-rate level of the -40 0 F. isotherm without any
mdification in the burning characteristics at room and elevated
temperatures. This resulted in an optimum temperature coefficient

8
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of pressure of 0.06% / 0 F., which was almost equivalent to that of
standard T19 Propellant. Thus it was apparent that an inadequate
distribution of lead salts did exist in Pilot Lot No. 334A and
that further working of this propellant both on the rolls and in
the extrusion press sufficiently redistributed the lead compounds
to enable the maximum ballistic effect to be obtained, Evaluation
of Pilot Lot No. 334B indicated that it exhibited mesa-type, low
temperature coefficient ballistics similar to standard T19 Propel-
lant. The difference in the ballistic results obtained between
Pilot Lot No., 334A and Pilot Lot No. 33B, both of which were
manufactured from the same lot of nitrocellulose, indicates the
limitations of the small-scale solventless equipment available at
this Arsenal. Although the two lots were manufactured by the same
procedure, the former did not possess an adequate distribution of
lead salts as evidenced by the results of reworking this lot of
propellant - Pilot Lot No. 334A1. Such a discrepancy is not unu-
sual, as previous wrk has indicated that the solventless process-
ing of large-scale lots invariably results in a superior product
when compared to the propellant produced from the small-scale
solventless equipment. The major drawback to date in the 30-pound
scale facilities has been the lack of an adequate slurry tank to
properly disperse the propellant ingredients. Further work, which
will consist of conducting extensive static firing tests on Pilot
Lot Nos, 334B and 335A to corroborate the strand ballistic re-
sults, will be reported upon completion of these tests.

EXPERIMENTAL PROCEDURE:

13. Thirty-pound batches of Pilot Lot Nos. 144-149 were manu-
factured by the slurry process to the even-speed sheet stage in
accordance with the procedure described in Picatinny Arsenal
Technical Report No. 1781. From the even-speed sheets, four-inch
diameter discs were punched and these discs were subsequently ex-
truded in a four-inch solventless extrusion press as a solid rod
one inch in diameter.

14. Two-hundred-and-forty-pound batches of Pilot Lot Nos.
276B, 334, and 335 were manufactured by blending eight thirty-
pound batches after drying the paste to a moisture content of 8
to 12 percent and were extruded as grains 5 inches OD by 1 inch
ID by 10 inches long for accelerated storage and shock-cycle tests.
Ninety-pound batches of Pilot Lot Nos, 334A, 334B, and 335A were
manufactured by blending three thirty-pound batches after drying
the paste to a moisture content of 8 to 12 percent and were

9
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extruded as grains 1.7 inches OD by 0.6 inches ID by 6 inches
long for ballistic evaluation in the 2-inch test motor. Pilot
Lot No. 334A1 was manufactured from Pilot Lot No. 334A by cutting
the extruded grains into wafers, rolling the wafers into even-
speed sheets, punching four-inch diameter discs from the sheets,
and extruding in a four-inch solventless extrusion press as a
1-inch solid rod from which burning-rate strands were prepared.
Large-scale lots of Pilot Lot No. 276A (750 lb) and Slurry No.
614 (1952) (1700 lb) were manufactured by the slurry process and
extruded into grains in standard production-type solventless
equipment. For both the small-scale and the large-scale lots,
the triacetin, which is a water-soluble, non-explosive plasticizer,
was incorporated directly into the slurry tank. The procedure
used is reported in Picatinny Arsenal Technical Report No. 1781.

15. The 900 C. vacuum stability test and the 1200C. heat test
values were determined according to the method described in
Picatinny Arsenal Technical Report No. 1401, Revision 1. The
ll0C. Taliani test was conducted in accordance with NAVORD OS
6478.

16. The accelerated storage test was conducted at 1700 F. by
storing two grains, 5 inches OD by 1 inch ID by 10 inches long,
for each composition in converted 105 mm cartridge storage con-
tainers and determining the days to cracking by daily visual
examination.

17. The cyclic test was conducted on two grains, 5 inches OD
by 1 inch ID by 10 inches long, by shock-cycling between -750F.
and 170 0F., with one cycle consisting of 24-hour storage at each
temperature. One grain of each composition was started at -75 0 F.
and the other grain was started at /1700F., with the grains being
stored naked. Visual inspection for cracking was conducted at
the end of each half-cycle when the grains were transferred from
one extreme temperature to the other.

18. The procedure used in determining the heat of explosion
is described in Picatinny Arsenal Chemical Laboratory Report No.
134476.

19. The procedure used in determining the strand burning-rate
data is described in Picatinny Arsenal Technical Report No. 1820.

20. The procedure used to determine the compression data is

10
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in accordance with the "Method for Deternining the Compressive
Properties of Solid Rocket Propellants" as recommended by the
Joint Army-Navy Panel on Physical Properties of Solid Propel-
lants.

21. The tensile test specimen consisted of a cylindrical
gage section 0.5 inch in diameter by 2.25 inches long and
cylindrical end sections 0.6 inch in diameter with a 3-inch radius
at the junction between the gage and end sections. The over-all
length for the specimen was 6 inches. The speed of testing was
0.1 inch per minute per inch of specimen gage length.

INCLOSURES:

1-3. Tables 1-3
4-18. Figs 1-15

19-25. Photographs M-42406/3, M-42406/5, M-42406/1, M-42931,
M-42933, M-42930, M-42932
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Table 1

Properties of 4-Nitro-N-Methylaniline Received from Eastman Kodak Co.

Composition 4-Nitro-N -Methylaniline
Formula

CH13

NH

NO2

Analysis

Color Yellow

Form Impalpable powder

Purity 100.15

Melting point, °C 151

Moisture, % 0.05

Acetone insoluble matter, % 0.02

Ash, % 0.04

Acidity, mg KOH/g of sample 0.05

pH of water extract 5.0

(Determined at Picatinny Arsenal as described in General Labora-
tory Report No. 53-HI-2892)
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TABLE 2.

Stbility. Ballistic. Physical, and Processing Charateristics of Pilot Lot Non, 1,,-149

Pilot Lot No. (T16 lPtl JL
(T6Propelant)

A. Cgisposition,,% Nominal Analysis No nal Analysis N25nl nls s oinal Anli Nonn4 Analysis Noia Analyst#

Nitrocellulose, 12.2N 55.5 53.26 55.5 54.37 55.5 56.1 55.5 56.1 55.5 55.98 55.5 55.5
Nitroglycerin 27.5 28.17 27.5 28.13 27.5 28.1 27.5 27.1 27.5 27.49 27.5 27.3
Triaceatin 13.0 14.54 13.0 13.13 13.0 11.7 13.0 13.1 13.0 12.55 13.0 13.4
EttwiCmtralte 2.0 2.15 1.0 0.92 1.0 1.0 -- - -- -- -- --

2-Nitrodiphenylasine -- -- 1.0 1.17 -- -- 1.0 0.9 2.0 2.12 -- -

4-Nitro - N H thylaniliw5 -- -- -- -- 1.0 10 1.0 0.9 - -- 2.0 1.8
Load Stearate 2.0 1.88 2.0 2.28 2.0 2.1 2.0 1.9 2.0 1.06 2.0 2.0

Carbon Slack (added) 0.03 0.08 0.03 0.06 0.03 0.07 0.03 0.07 0.03 0.07 0.03 0.09

*asa5n Kodak Co.

B. Stability Characteristics

1. W,0OC Heat Test
Salmon Pink, min 85 80 130 140 95 185

Red Fes, min 90 85 135 145 100 190

Explosion, ain 30N ~ 300 300,V 300sf 300i' 300,V

2. 90
0
C Vacuum Stability

Test
MI. gas after 40 hours 2.23 2.18 0.56 0.42 1.20 0.39

3. 11OC Taliani Test
Slope at 1om 0,85 0.89 0.68 0.55 0.57 0.36

Minutes to 100 urn 180 114 252 286 222 258

Slope at 100 amin 1.05 0.58 0.18 0.35 0.77 0.20

. 5&0oC Surveill ac4. 6~~if~c

Ho. of days in progress 689 686 686 696 696 696

as of December 15, 1953
with no end point,

C. Ballistic Characteristics

Calcuiated (Nominal ) 734 744 750 758 752 765

Calculated (Analysis) 703 736 779 757 762 755
Experimental 761 771 763 773 766 767

2. Burnin -ats Data (see Fig 1) (see Fig 2) (ee Fig 3) (see Fig 4) (see Fig 5) (see Fig 6)
Hatei is 70OF 166

0
P PO 160OF 0O 160OF 700? 1600? 7Q07 160OF ?O2 160OF

1000 psi 0.32 0.33 0.33 0.39 0.27 0.27 0.33 0.36 0.33 0.37 0.31 0.32
1500 psi 0.22 0.29 0.27 0.31 0.22 0.28 0.26 0.34 0.30 0.35 0.23 0.31
2000 psi 0.27 0.35 0.29 0.36 0.28 0.35 0.30 0.38 0.31 0.41 0.27 0.36

(b) Pressure Expon- Prm Int N Press It N Pres N Press Int N Press Iot N Press Int N
ant, W, at 70F 600-.00 0.50 600-800 0.93 600-00 0.30 600-800 0.50 600-800 0.07 600-800 0.77

830-1190 0.09 800-1240 0.07 800-10O0 -0.23 8O-1000 0.12 800-1000 1.23 800-1000 -0.21
O190-1400 -1.25 1240-1600 -1.20 1000-1240 -1.57 1000-1220 -1.50 1000-1700 -0.30 1000-1200 -2.30

1400-2600 0.72 1600-2600 0.62 1240-2600 0.72 1220-2600 0.47 1700-2600 0.60 1200-2 0 .612000-2600 0.83

(c) Temperature Co- Press at Press at Press at Pres at Presat Press at

efficient (TC) 700 P/ TC 7007 P/& M_ 7O _E& TC ,7001 P/r C 700?~ P/ TC 70 Phr 7C
of Pressure at 800 2530 0.07 800 2380 0.13 800 2820 0 800 2560 0.17 800 3080 0.40 800 2470 0.08
Constant P/r 1000 3080 0 1000 2990 0.20 1000 3700 0 1000 3080 0.06 100 2980 0.13 1000 3230 0
from 70 to 1600?. 1200 4350 0 1200 3510 -. 03 1100 4710 0.08 1100 3840 0.12 1200 3780 0.11 1100 4260 0.10
5/op 1300 5550 0.39 1400 4650 0 1200 5890 0.68 1200 4800 0.38 1400 4650 0.28 1150 5000 0.38

1500 5550 0.3

D. Physical Characteristics

1. Comoresasei Properties

Tem~eratureOF A 07 - 160~ 6~ 77J 1 6 77 77p -6 n 160 -65 77 160 -6 77 16
Stress at RuptureA 3260 -- - C0 6100 - - 25400 - - 27900 .2.30 - -

% Compression at
Rupture 3.7 - -- 3.2 - - 3.8 - - 3.6 - - 3.5 - - 4.1 -- -
Stress at 60% Cos-
pression, psi - 2600 199 - 2360 281 - 2830 315 - 2510 276 - 2650 287 - 2840 258

Work to Produce 59.8 61.7 5.1 47.2 56.1 8.6 41.0 67.0 7.1 42.6 60.5 5.8 30.3 64.9 7.9 49.3 68.6 5.2
Rupture or
60% Compression,
ft-lb/cu.in.

2. Teol 'r~te

Stress at SepatioN 440 734-6tO5 391 74.3 97.5 4H 9 49 79.1
Psi

% Elongation at 20.9 18.7 17.9 18.3 15.6 16.9 17.0 14.7 15.4 12.2 19.1 19.9
Separation

Work to Produce 5.7 0.7 5.0 0.8 3.6 0.6 5.2 0.7 5.6 0.6 5.8 0.9
Separation, ft-lb/
cu.in.

promall-e 06) batches of all the above compositions processed satisfactorily to the we-speed shet stage and were extruded with no
difficulty. No appreciable difference was detected in the processing characteristics or in the texture and appearance of the final
sheets and grains for the above compositions except for slight variations in color. Basically all of the compositions ware black.
However, the introduction of 2-nitro diphenylanine to the T16 Matrix resulted In an orange tint %hile the addition of 4-nitro - N -
usthylaniline caused a green shade.
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Propellant Data Sheet for Pilot Lot No. 144

composition. _1 Nominal Ana lysis Thermod'namic Proerties
Nitrocellulose, 12.2%N* 55.5 53.26 Heat of Explosion, cal/gm
Nitroglycerin 27.5 28.17 Calc (Nom) 734
Triacetii 13.0 14.54 Expt 761
Ethyl Centralite 2.0 2.15 Caic (Anal) 703
Lead Stearate 2.0 1.88
Carbon Black (added) 0.03 0.08

*Hercules Lot No. 9251Y

Strand T3irninp Rate Characteristics

1 o 
. ...C4,

.9 .#. 7* 9101. . . . .

Pressure l-+--4u

800-1190 00 0F s. L2......---- ------
1190-114 -----0--12 -0 50 00

.2Figure 1

IM:
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Propellant Data Sheet for Pilot Lot No. 145.

Nominal Analysis Thermodyramic ProertieS
Nitrocellulose, 12.2%N* 55.5 54,37 Heat of Explosion, cal gm
Nitroglycerin 27.5 2.3Cale (Nom) 744
Triacetin 13.0 13.13 Expt 771
Ethyl Centralite 1.0 0.92 Calc (Anal) 736
2-Nitrodiphenvlamjine 1.0 1.17
Lead Stearate 2.0 2.28
Carbon Black (added) 0.03 0.06

*Hercules Lot N~o. 92511

%1 0

Temp CoeffM of f Pr1sr at jonsan

800-1240 0.0 .0F .s P/ ... L...

146 460

+4 4l 141:
T M. ## tt
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Propellant Data Sheet for Pilot Lot No. 146

Copsto,%Nomilnal Analysis The rmodynamic Pro-pertles
Nitrocellulose, 12.2%N* 55.5 5661 Heat of Explosion, cal/gpm
Nitroglycerin 27.5 28.1 Cale (Nom) 750
Triacetin 13.0 n1o7 Expt 763
Ethyl Centralite 1.0 1.0 Cale (Anal) 779
4-Nitro-N.-Methylaniline 1.0 1.0
ILead Stearate 2.0 2.1
Carbon Black (added) 0403 0.07

*Hercules Lot No. 9251Y

Strand Bm-rninp Rate Characteristics
! '0

C+4
.9 .. . -f f
.8

47 ------- L
800-1000 0.23.................
1000-1240 -.57800.2820

I I I
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ProT~elant Data Sheet for Pilot Lot No. 147

Copsiin,%Nominal Analysis Thermodviiamie Properties
Nitrocefllulosso 12.2%N* 55.5 56.1 Heat of Explosion, cal/2m
Nitrogl.ycerini 27.5 27.1 Calc (Nom) 758
Triacetin 13.0 13.1 Expt 773
2-Nitrodiphanylamine 1.0 0.9 Cale (Anal) 757
4-Nitro-N-Methylaniline 1.0 0.9
Lead Stearate 2.0 1.9
Carbon Black (added) 0.03 0.07

*Hercules Lot No. 9249Y

800-1000 0 . .. r 17:7..

12040003

CONFIDENTIA

Figsure. 400,a
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Propellant Data Sheet for Pilot Lot No. 148

Copsiin,%Noninal Analysis Thermodvnamia Propertles
H Heat of Explosion, calgmnNitrocellulose, 12.2%N* 55.5 55998 Calo (Nom) 752
Nitroglycerin 27.5 27.49 Expt76
Triacetin 13.0 12.5576
2-Nitrodiphenylamine 2.0 2.12Cac(a) 76
Lead Stearate 2.0 1.86
Carbon Black (added) 0.03 0.07

*Hercules Lot No. 9249Y

Strand Burnph, Rate Characteristics

1.0

.7

.6.

1.5 2.0 2- 3.0 -4-

80-00 =.u:0'F p 1

.4 .5.6 . . .101.00 650 2530 .8

Pregure, 5 00,5

PXesr xp~-jt at 70OF TeM Iof fPes tCntn
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Propellant Data Sheet for Pilot lot No.- 149

copoiioNominal An~s Thermodynamic Propertie
Nitrcelllose 12.%N*Heat of Explosion, ca/

Nitroglycerin 27.5 27.3 Expt 767
Triacetin 13.0 13.4 Calc (Anal) 755
4-Nitro-N-Methylaniline 2.0 1.8
Lead Stearate 2.0 2.0
Carbon Black (added) 0.03 0.09

*Hercules Lot No. 9249Y

Strand TBnxrnina, Rate Characteristics1,1.

5 -- ----..

.4~ .. .6 .7 .. . 1. 2. .5 3. .4..0

Pressure, 21000 pui

Erftg1re Emn&nat71OF Temp-Coei'f of Pressure at Constant
Prs' MneLi S n) P./r from -20F To' 16ouF

6008o or ~Press at Rlatio Temp Coeff,

1000-1200 -2.30 800 2470 0.08
1200-2000 0.61 1000 3230 0

20020 *31100 4260 0.10
200-60 0831150 5000 0.38

CONFIDENTIAL
Figure 6
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* Propellant Data Sheet for Pilot Lot No. 334

Copstin-%Nominal Anallsis Thermodyniamic Prop-erties

Nitrocellulose, 12.2%N* 53.0 53eat ofEpoiocl
Nitroglycerin 31.0 30.61 Caic (Nom) 825

Expt 792
Triacetin 11.0 12.09Cac(al 81
Etbyl Centralite 1.0 0.78
4-Nitroc,-N-Methylaniline 1.0 1.29
Lead Salicylate 2.5 1.43
Lead Stearate 0.5 0.50
Carbon Black (added) 0.03 0.07
Lead** 0.16

Stad9irnn!te haraceristcs

b71

---- 5 2.0 2.53.0 4.

t10mi1li0 0.21 FX 4--
140190 -1.1 100 2500 07.33

Pon Lo No 3 160 392 0.13. ..

W *Balance of lead asff -de e mi e 170 b. 4
from~ ~ ~ ~ ~ I difrIeotoalla n 0DN

leadpreent s lad sliclat Figre CONIDETIA
and lead 1st1arateII

~ - ~ ~ xt* : - - ------- I
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Propellant Data Sheet for Pilot Lot No. 334A

Composiion. ~Nominal Thermod nmicroete

Nitrocellulose, l2,2%N* 53.0 Heat of Explosion, ca/g
Nitroglycerin 31.0 Cale (Nom) 825

Tracti 11 Expt 798
Ethyl Centralite 1.0
4-Nitro-N-Methylaniline 1.0
Lead Salicylate 2.5
Lead Stearate 0.5
Carbon Black (added) 0.03

*DuiPont Lot No. 257 Strand 13irninp, Rate Characteristics

1. 2.0 2.-30 .
Pressu...e, ... ......

110-70 o 1 f0F fs P/1 __________I1700.-2300 ...8 1200: 2270. .29...

IM: ~ ~ ~ 4 z -.T7 1= 1
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Propellant Data Sheet-for Pilot Lot Nog34-
(PL 334 Wafered, re-rolled & re-extruded)

CGomposition. % Nominal Thermodynamic Propertiee
- ~Heat of Explosion, calgNitrocelulose. 12.2%NN 53.0 Calc (Nom)825Nitroglycerin 31.0 Expt

friacetii 11.0
Ethyl Ceintralite 1.0
4,-Nitro-N-Methylaniline 1.0
Lead Salicylate 2.5
Lead Stearate0.
Carbon Black (added) 0.03
*DuJ~ont Lot N~o. 257, StadBirn, at hrceitc

PresuJe ........i

f620 -0. 1600 I81 0I1
..00... 0. 10 308 0.10 .... ..

1.0 34. 0.06. ..
200080 00

.~~20 .?0 0.10 ...M i ----
COFDET4

Figre



CONFIDENTIAL

Propellant Data -Sheet for Pilot Lot No. 334B

Composition, % Nomiinal Analysis Thermody.'amic Pronerties

Nitrocellulose, 12.2%N* 53.0 52.49 Heat of Explosion, cal/gm
Nitroglycerin 31.0 30.77 Cale (Nomn) 825
Triacetin 11.0 C2.60 (Anal80

Carbon Black (added) 0.03 0.04
Led*-- 0.46

Strand Th17rninp- Rate Characteristics

1.:.0 25 3.#.
Prssre ------ psi

Pressure+44,':- E:1r11e11-1jZ1 Tem CoM fPesr tCntn
Press flanpe~~~~vs17~fit1Prfo L~Ft 6u

600-1200~-4 0.6 Pres at7ti em oef

1200-1600~~ ~ 0.0tr _____

*D-nt Lt NEE ......-----

j -~~ -----------~
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Prop~ellant Data Sheet for Pilot Lot No. 276B (T19 Propellant)

Composition, Nomi nal Therinody:,amic Pronerties
Nitrocellulose.. 12.2%N* 53.0 Heat of'. Explosion, cal/r.-m
Nitroglycerini 31.0 Caic (Nom) 812
TriacetiL 11.0 Expt 791
Ethyl Centralite 2*0
Lead Salicylate 2.5
Lead Stearate C.5
Carbon Black (added) 0.03
*Du~ont Lot No. 3

Ztrnrd 3lrringt Hat-e Characteristics

Pese, lOO. p;A

600-1200 -.-t3 Pre j at+ i ti TepIe''

+Figure 11

+1 -"+ 1 + ~ . . 1+
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Propellant Data Sheet for Pilot Lot go. 276A (T19 Propcllari!t)

ComTposition, Nominal Analysis Thrody-amic Pronrties

Nitrocellulose, 12.2%N* 53.c 53.66 H-eat of Explosion cal/.gm
Nitroglycerin 31.0 30C.98 Calc (Noin 812

Triacetin 11.0 10.96 Expt 826
Ethyl Cerntralite 2.C 2.23 Calc (Anal) 823
Lead Salicylate 2.5 1.26
Lead Stearate 0.5 0.62
Carbon Black (added) 0.03 0.07
Lead*--K -- 0.29

V trnr'd 'i~"rrinp! Ral.e Characteristics

1.5 12.II i,0 2.5l 3404f
Prss, rt I tpIi

1600-2000t-1.30 1200 I 2250 0.0
2000 0 0.5 140 256 0.0160 308 0.0*I~erles ot No 925Y 170 345 0.0**Balnce o lea 85 d- 180 400 0.0

ter.6e from difernc of CONFIDETIAL 4
totalfil ledadlaIrsn iue1
as~~~~~ lef saicaean la

stearate

t--- L IT
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Propellant Data Sheet for Pilot Lot No. 335

Compsition. % Nominal Analysis Thermodyvnamic ProDertie
Nitrocellulose, 12.2%N* 55o5 503Heat of Explosion, cal/gm
Nitroglycerin 27.5 272Calc (Nom) 750
Triacetii 13.0 14.38 Expt 742
'Ethyl Centralite 1.0 l.04 Calc (Anal) 741
4. -Nitro-N-Methylaniline 1.0 0.8e
Lead Stearate 2.0 1.95
Carbon Black 0.03 0.02

*DuPont Lot No. 4

Strand 11iinp_, Rate Characteristics

... .....0. 
..

.9

.7 -- - --- --- z

.6

44

.9
.3o

.4 .5 .6 .7 .8 .9 Uf 1.5 2.0 2.5 3.0 4.0
Pressure, 1OO0-pai

Press Ranr~e.psi Slm n P/r from-401F to 60"1 F
800-12U0 0 Press at Ratio Temp Coeff,

1200-1500 -1.90 70rPaP/r %/OF__

1500-2600 0,93 n150 3800 0.25
1200 4000 0.23
1250 4600 0.20j .COFIDNTAL 1300 5080 0.17

Figure 13
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Propellant Data Sheet for Pilot Lot No. 335A

Composition, % Nominal, Analysis Thermodynamie Prop)erties

Nitrocellulose, L2.2%N* 55.5 55-13 Heat of Explosion, cal/gm
Nitroglycerin 27.5 27.57 Cale (Nom) 750
Triacetin 13.0 13.44 Excpt 761

Ethyl Centralite 1.0 1.04 Calc (Anal) 741
4-Nitro-N-Methylaniline 1.0 0.92
Lead Stearate 2.0 1.90
Carbon Black (added) 0.03 0.31

*Dui~ont Lot No. 258B

lio- ........ . St "ra nd -13, niing Rate Cha racteristics

.9 .. ... . ..

.7 ---

.6

.3B.

Pressure IOOIpA

Trs u e m0 0p C el f r s u e at C n t n

1'resg Rane.psi Slope (n Pr from -401'F to 360'F

600-1000 0.51 Press at Ratio Temp Coeff
1000-1270 0 .. L.....
1270-1570 -1.57 1000 2860 0.25
1570-2600 0.49 1200 3450 0.23

1400 4650 0.11
1500 5550 0.24

CONFIDENTIAL
Fugure 14
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PrplatDt SetfrSur 614 (T16 Propeant)

Compos 9*ition Nominal Ana~vais Therodyniamic Properties
Nitrocellulose, 12.2%NI* 55.5 55.09 Heat of Explosion, ca/g
Nitroglycerin 27.5 27.15 Cale Noi 734
Triacetin 1.3-0 13.32 1xpt 758
Ethyl Centralite 2.0 2.28 Cale (Anal) 708
Lead Stearate 2.0 2.16
Carbon Black (added) 0.03 0.08

*DuiJont Lot No. 3

Strand Biinrrinp Rate Characteristics

.4~ ~~ . .6 . 9ln1. 2. 2....5 .0 .0.

800-1000..... 0Fr .L2.......90-4 -101 1000.... 32...0 0.6

-AII
.7~: ------I I M --
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M-42931 May 1953 Picatinny Arsenal Ordnance Corps

Grai Ln- ')f Pilot Lot 334 which were shock cycled between
-?50F and 1700 F. (5.0" OD x 1.0" 1D x 10.0" long)
Top Grain - 8j cycles, initial temperature -75 F
Bottom Grai~n - 7; cycles, initial tanperature 170OF
(24 hours at each temperature).

CONFIDENTIAL
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,r4'J5 Picatinny Arsmial Orinarice Corps

ordiirs if "i 1't lot '15 which were shock cycled between
'5rv'f (5.)t! OD x 1.0" 1D x 10.3??"long).

IoT ur.,ir -12.1 cycles, Iitial temiperature 170OF
Bojtt om G;rair, - ll . cycles, initial temperaturo -75 0 1"

~?hours --it, rl,10 tPMT rart'ire)

CONFIDENTIAL
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May 1953 Picatinny Arsenal Ordnance Corps

Ird.A.; f T19 Composition (Pilot Lot 276B) which were shock
;c.iuetw(er- -75 0 F and 170OF (5.0" OD x 1.0"1 1D x 10.0"

;;>~i.: rO rain - 4 cycles, initial temperature 1700F.
'-za ri - 31 cycles, initial temperature - 75 0 F,

.,irF at each temperature).
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